Abstract
Introduction
Diarrheal disease is still a severe public health problem and is responsible for the death of 1.5 million of children under the age of five in the world yearly; it is the second leading cause of mortality in this age group, especially in emerging countries. 1 The incidence and the mortality of diarrheal diseases are more prevalent until the child's first year of life, afterwards these numbers tend to decrease. 2 Reports at the Departamento de Informática do Sistema Único de Saúde (The Information Department of the National Health System) (Datasus) show that in Brazil in 2013 more than 60,000 children up to four years of age were hospitalized due to diarrhea were registered and 88 deaths occurred. These hospitalizations, as well as social cost, totaled more than R$ 20 million reais. 3 Studies estimate that about onethird of the Brazilian pediatric hospital beds are occupied by children with diarrheal diseases. 4 Infectious diarrhea is associated with infant morbidity and mortality and is considered a frequent syndrome 5 and places in bad condition to live and schooling are also related to a high incidence of hospitalizations due to diarrhea. 6 Spatial analysis is a great importance for the public health since it helps in the diagnosis and the planning in the affected areas through the geographic characteristic of the disease. 6 This tool has been used in several types of studies in varied themes in the pediatric area, such as the spatial analysis of hospitalizations due to pneumonia and burns in Mato Grosso State, 7 in the distribution of newborns with low birth weight, 8 in neonatal mortality, 9 and other themes for the interest in public health, such as fatal victims in traffic accidents 10 and the identification of risky areas for schistosomiasis mansoni. 11 The objective of this study is to identify the spatial patterns of hospitalization due to diarrhea in children 0 to 4 years old in the counties in São Paulo State, between 2008 and 2012.
Methods
An exploratory ecological study was developed with hospitalization data due to diarrhea in children 0 to 4 years of age, living in counties in São Paulo State. The data were obtained from the Datasus, 3 using the CID-10 morbidity list: "Diarrhea and gastroenteritis of infectious presumed origin", and inserted in a digital map of the counties in São Paulo State obtained from the Instituto Brasileiro de Geografia e Estatísticas (IBGE, 2014) 12 (The Brazilian Institute of Geography and Statistics). The study period was from January 1 st , 2008 to December 31 st , 2012.
The data were collected from hospitalization cases due to diarrhea from the population of this age group and then rates were created for 1,000 children. The Moran index was calculated with its respective p-value. This index varies from -1 to 1, values close to 1 indicate positive autocorrelation, thus, similarity between nearby counties,and negative values indicate that this similarity does not occur. Values closer to zero indicate the absence of significant correlation. In addition to the local Moran index, the local Moran index was used, and so the main neighborhood was by contiguity. 13 Some variables for this study were obtained from the Datasus, 14 such as demographic and socioeconomic data, although all of them were from 2010. The variables are: percentage of children 0 to 4 years old living in a situation of a low income less than 1/2 minimum wage; Gini index which evaluates the income distribution level and inequality, varying from 0 (absence of inequality) to 1 (maximum inequality); percentage of the population with water supply, basic sanitation and waste collection; maternal schooling (number of women aged 15 years or more do not have an education or have incomplete elementary schooling); thus, the last variable was created for 1,000 children up to 4 years of age. The Ìndice de Desenvolvimento Humano (IDH) (The Human Development Index) of the counties were also obtained by the Programa das Nações Unidas para o Desenvolvimento (PNUD) (United Nations for the Development Program) portal. 15 The global Moran indices for these values and the Pearson's coefficients correlation, measure the degree and the direction (positive or negative) of the correlation between two variables were calculated. The thematic maps were developed with the hospitalization rates due to diarrhea, and the thematic maps of the schooling and low income variables. The local Moran map was also built. This map is built with the data obtained from the Moran diagram which contains four quadrants, and in quadrant 1 are the counties with high rates and that are surrounded by counties also with high rates and they should be the object of attention by the managers of the counties and regional; quadrant 2 contains the counties with low rates surrounded by counties also with low rates, having a low priority. The kernel maps were also built obtaining through an estimator with 150 columns, quartic function, calculation of density and adaptive radius. 13 This map identifies regions of high densities of outcome occurrence, which in the case of this study are: hospitalization rates due to diarrhea, places with low IDH, places with high Gini Vaz FPC, Nascimento LFC index, places with a high proportion of mothers with incomplete elementary schooling, and places with a high percentage of children living in situation of low income less than ½ minimum wage.
The TerraView 4.2.2 program was used for spatial analysis and the statistical significance was p<0.05.
The maps and tables are all referred to the hospitalization rate due to diarrhea in children aged 0 to 4 years (per thousand children), in the counties São Paulo State between 2008 and 2012.
Results
In the 646 counties in São Paulo State, 34,802 hospitalizations due to diarrhea in children under the age of 4 were reported in the period of 2008 to 2012. The mean hospitalization rate is 4.7 cases / 1,000 children up to four years of age (SD=7.2) with a minimum of 0.00 and a maximum of 51.83.
The variables are indicated in Table 1 with the mean, standard deviation, minimum and maximum values, thus are low income (percentage of children from 0 to 4 years old living with families with an income less than ½ minimum wage), the IDH, percentage of the population with water supply, basic sanitation and waste collection (data from 2000); maternal schooling (number of women aged 15 years or more who do not have an education or have incomplete elementary schooling).
By Pearson's correlation showed that the hospitalization rates were positively and significantly correlated with the proportion of mothers with incomplete elementary schooling (r=0.09, p<0.05) and were not significantly correlated with the IDH and income variables. This shows that the greater the proportion of mothers with less schooling, the higher the hospitalization rate due to diarrhea in children. Figure 1 indicates the spatial distribution of hospitalization rates due to diarrhea in São Paulo State. The analysis of this figure allows to identify the counties with a high hospitalization rate due to diarrhea, showing a cluster of counties in the extreme west of São Paulo State, and the counties with lower rates are located in the Vale do Paraíba and the North Coast. The Moran index (I) presented a value I=0.31 (p<0.01), indicating a positive spatial autocorrelation.
The Local Moran map represented by Figure 2 , identified that 57 counties are located in the quadrant 1 (High), thus, these counties have high rates and are also surrounded by counties with high rates, having a high priority of intervention. On the other hand, the counties that are in the quadrant 2 (Low) have low rates and are also surrounded by low rates, having lower priority. Municipalities that have high rates and are surrounded by others with low rates, or counties that have low rates and are surrounded by high rates do not have priority defined by the program used, and therefore are defined as Nonsignificant (NS). Figure 3 demonstrates the Kernel map using the Kernel density, showing that in the west side of São Paulo State are located the counties with the highest density of hospitalization rates due to diarrhea, which coincide with Figure 2 .
The Kernel map of the Gini index showed that the highest densities are found in the metropolitan area in São Paulo and in the North Coast. The same geographic pattern was found on the Kernel map the percentage of children up to 4 years of age living with an income of less than ½ minimum wage. For the proportion of mothers with incomplete elementary schooling, the map presented a high density in the metropolitan region in São Paulo, the North Coast and also in the North and Northwest Region (Figure 4 ). These distributions do not coincide with the density presented in the Kernel map of hospitalization rates due to diarrhea. The schooling variable showed spatial dependency, with I=0.20 (p<0.01); however, the region where there are high rates of low schooling does not coincide with the region with high hospitalization rates due to diarrhea. Low income presented a positive spatial autocorrelation with I=0.51 (p<0.01), and the counties with the highest proportion of children living with low income are concentrated in the South region in São Paulo State (Vale do Ribeira) and in the Vale no Paraíba. For the IDH, the spatial autocorrelation was not verified with I=0.001 (p=0.36). The thematic maps of these variables were not shown. 
Discussion
This study allowed to identify the presence of the spatial clusters for the hospitalization rate due to diarrhea in children aged 0 to 4 years of age in the counties located in the West region of São Paulo State between 2008 and 2012; it was possible to correlate positively with maternal schooling and to identify counties that deserve the attention of county and regional managers. Victora et al. 16 found a positive correlation between hospitalization rates due to diarrhea and low maternal schooling, thus, maternal schooling has an independent effect of other socioeconomic factors 16 and is the most frequent occurrence among children whose mothers have little or no schooling. 17 Other studies show that maternal schooling presents a direct relation to the quality of care offered to the children, specifically about the prevention of gastroenteritis, such as hygiene, immunization and breastfeeding, 18, 19 thus, the interruption of exclusive breastfeeding up to 6 months of age increases the risk of acquiring infectious diarrheal diseases. 4, 20 The relation also suggests a greater ignorance about the transmission of diarrheal disease through the mothers. 21 In addition, maternal schooling is related to the capacity for apprehension of knowledge provided by the health professionals, knowledge that collaborate in preventing childhood diarrhea. 22 The difficulty to understand educational activities related to a few years of maternal studying can also be considered as an influence on the children's sickness due to diarrheal diseases. 23 Joventino et al. 23 showed that a monthly family income equal to or less than a minimum wage is a risk factor for helminthiases and thus, higher income allows a better living condition, such as basic sanitation, better housing and easier access to personal hygiene and home care products, and better ways to treat water. 23 Although diarrhea is normally associated to poor conditions and a family income is significant for its prevalence, 24, 25 this present study did not identify a significant correlation between the income variable and the diarrhea rates. 23 There was also no significant correlation between water supply, basic sanitation and the diarrhea rate, this can be due to the fact that the data collected are from the year 2000 and the percentage to supply is high with a mean of 98.72% coverage. The absence of the correlation may also have occurred because this is an ecological study which hinders the knowledge of the quality of water that each individual has access to. Despite this, studies show that positive changes in expansion of the Spatial approach on diarrhea age group in 2007-2011 period, a significant reduction mainly in the G1 genotype circulation. 29 This present study present some limitations such as being performed with secondary data that even from official sources such as the Datasus may not correspond to actual data, in addition to the underreporting and notification errors. Even though, reinforcing what has already been explained there may be diagnostic errors, cases of diarrhea in which there might have not been any hospitalization (outpatient treatment with oral replacement serum), hospitalizations by health insurance that are not included in the SUS database. It was also not possible to study other factors because of the lack of information on maternal breastfeeding and hygiene conditions, although these values are better studied in individual, non-population based studies as this present study. Moreover, because this is an ecological study, it is not possible to identify causality,or in other words, it cannot be stated, for example, that hospitalized children due to diarrhea are those whose mothers have low schooling level.
The importance of this study is to identify spatial clusters in counties with considerable hospitalization rates due to diarrhea in children 0 to 4 years old, and to demonstrate a significant correlation between these hospitalizations and maternal schooling. This makes it possible to draw attention to and provide subsidies to counties and regional managers to implement policies aiming to reduce and even abolish these hospitalization rates for diarrheal diseases, as well as reducing mortality in the counties in São Paulo State. coverage in the public water supply service in São Paulo city justified by part, a decline in the prevalence of child diarrhea. 17 The IDH was also not a data that presented a positive correlation with the diarrhea rates, possibly because it is not an ideal indicator and reliable to the reality of the counties, since it is an average of economic values of longevity and education. Nevertheless, it is a widely used indicator for measuring the quality of life. 26 The fact that the Kernel maps do not coincide among the variables and the hospitalization rates due to diarrhea can be explained by the fact that this study only evaluates hospitalizations due to diarrhea, considering only the most severe cases. This does not mean that the occurrence of diarrhea, either untreated and treated as outpatients may not be more prevalent in areas with high Gini index, low IDH, high proportion of mothers with incomplete elementary schooling, and high percentage of children living with an income less than ½ minimum wage Oliveira and Latorre 27 identified a reduction in the tendency of hospitalizations and deaths due to diarrhea in children under one year of age from 1995 to 2005 in Brazil and especially in 13 capitals; Meneguesi et al. 28 in a 10 year study (2003 to 2012) in Brasilia, DF also observed a reduction in morbidity and mortality in children under 10 years of age with a great reduction in the under 1 year old age group. This reduction may be due to rotavirus vaccination introduced in the Programa Nacional de Imunização (PNI) (The National Immunization Program) in March 2006, mainly in the 0-36 months
